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The orbit is contained within a complex bony architecture with overlying soft tissue
that involves many important anatomical structures. Orbital traumais a frequent cause
of damage to these structures. The authors review the literature on reconstructive
techniques focusing on fractures of the orbital rim, orbital roof, orbital floor, medial
orbital wall, and naso-orbito-ethmoid complex. A thorough literature review was
conducted using PubMed analyzing articles relevant to the subject matter. Various
search terms were used to identify articles regarding orbital trauma presentation,
diagnosis, management, as well as postoperative complications. Articles were exam-
ined by all authors and pertinent information was gleaned for the purpose of
generating this review. Orbital trauma can result in a wide variety of complications
in form and function. Not all orbital fractures require operative repair. However, bony
disruption can cause enophthalmos, hypophthalmos, telecanthus, epiphora, cere-
brospinal fluid leaks, orbital hematoma, and even blindness to name a few. Timing of
operative repair as well as reconstructive method is dictated by the patient’s individual
presentation. Successful fracture management requires a detailed understanding of
the anatomy and pathophysiology to ensure restoration of the patients’ preoperative
state. Orbital trauma encompasses a wide variety of mechanisms of injury and resulting
fracture patterns. A variety of surgical approaches to the orbit exist as has been
discussed allowing the surgeon access to all area of interest. Regardless of the fracture
complexity, the principles of atraumatic technique, anatomic reduction, and stable
fixation apply in all cases.

Orbital trauma is a frequent cause of damage to both bony,
soft tissue and neurovascular structures in the surrounding
region. Injury patterns can be isolated to the bony orbit or
part of much larger zygomaticomaxillary complex (ZMC),
or panfacial fracture patterns. This critical area brings
together many specialties including otolaryngology, plastic
surgery, oral maxillofacial surgery, ophthalmology, neuro-
surgery, and emergency medicine. The aim of this review is
to summarize orbital reconstruction in the following frac-
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ture patterns: orbital wall, ZMC, and naso-orbito-ethmoid
(NOE).

Orbital Anatomy

The orbital floor is made up by the maxillary, zygomatic, and
palatine bones (=Fig. 1). It makes up the roof of the maxillary
sinus and is in close relation to the inferior rectus muscle. The
infraorbital nerve (branch of V2) exits its foramen in the
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Fig. 1 Bony anatomy of the orbit.

macxilla providing sensation to the floor and tissue overlying
the midface.

The medial orbital wall is made up by the frontal process
of maxilla, lacrimal bone, ethmoid, and sphenoid bone. The
lamina papyracea is a thin bone separating the orbital cavity
from the ethmoid sinuses and is frequently damaged in
trauma. The medial rectus muscle is closely related to the
medial orbital wall and can be entrapped when damaged.
The anterior and posterior ethmoid arteries are found at the
junction of the medial orbital wall and orbital roof. Other
important structures include the lacrimal sac, medial canthal
tendon (MCT), and trochlea.’

The zygomatic bone is located in an important position in
the midface providing appropriate midface width, cheek
definition, and shape/definition to the lateral and inferior
orbital borders.? ZMC fractures are frequently seen in clinical
practice. Fractures frequently involve the orbital rim and
orbital floor. Important anatomic consequences of ZMC
fractures include hypophthalmos, enophthalmos, midfacial
widening, and loss of malar projection.?

Understanding the anatomy involved in orbital trauma is
important in diagnosing and repairing the underlying
pathology. Thus, computed tomography (CT) scanning is an
essential part of working up facial trauma especially since
sequelae of facial trauma can also be intracranial injury.
Somasundaram et al found in a 3-year series that periorbital
ecchymosis accompanied skull base fractures and intracra-
nial hemorrhage 42 and 19% of the time, respectively.
Furthermore, in patients with orbital fractures who do not
have suspected traumatic brain injury, Lee et al discovered
intracranial trauma present 9% of the time in the largest
series to date. A statistically significant correlation with
intracranial trauma was found with superior orbit fractures,
frontal sinus fractures, and multiple facial fractures. Until
prospective data are available these features along with
advanced age should be used to help guide when intracranial
CT scanning is indicated.*~8
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Zygomaticomaxillary Orbital Rim Fractures

Orbital rim fractures are traditionally seen as part of a larger
fracture pattern, i.e., ZMC, orbital wall fractures, and Le Fort
fractures. The orbital rim, as mentioned previously, is impor-
tant for providing normal contours of the orbital border. The
orbital rim is made up of the zygomatic bone and its
connections to the maxillary and frontal bones at the zygo-
maticomaxillary and zygomaticofrontal buttresses, respec-
tively. On physical examination orbital rim fractures can
create palpable “step-offs” that can be freely palpated. This
can be useful to the surgeon intraoperatively to ensure that
adequate reduction of the fracture has been achieved when
the step-off is no longer palpable. Trigeminal nerve branch
(V2) function should be tested preoperatively and documen-
ted appropriately.

Approaches to the orbital rim are similar to those used for
all midface fractures. The lower orbital rim can be directly
exposed via transconjunctival, orbital rim, subtarsal, subciliary
incisions, or through an existing laceration. In ZMC or Le Fort
fracture patterns, a maxillary vestibular incision may be
combined with a transconjunctival or subciliary incision to
provide wide exposure of the entire inferior orbital rim and
midface. The upper orbital rim can be exposed via an upper
blepharoplasty incision and/or lateral brow incision. For wider
exposure a coronal or bicoronal incision may be needed.

Extensive exposure of midface fractures for routine plating of
all four buttresses was found to give patients a lifeless facial
appearance; thus, a shift towards a more “minimally invasive”
approach to midface fractures developed.> This has also reduced
the complications from repair of ZMC, Le Fort, and orbital
fractures. Important complications include malunion, ectro-
pion, entropion, scleral show, lid shortening, and midface ptosis.

Not every orbital rim fracture, or midface fracture, requires
operative intervention. If the fracture is minimally displaced or
nondisplaced, with no resulting cosmetic deformity, it is
possible to avoid surgery. However, for fractures that are
displaced with palpable step-offs, cosmetic deformity,
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resulting enophthalmos, or hypophthalmos, open reduction
internal fixation is the preferred method of treatment. The
repair of orbital rim fractures follows the principles of all facial
fractures with atraumatic technique, anatomic reduction of
fragments, and a stable fixation. These were defined by the AO
Foundation (Arbeitsgemeinschaft fiir Osteosynthesefragen,
Davos, Switzerland).? Reconstruction using orbital rim mini-
plates with placement of 2 to 4 screws on either side of the
fracture line will ensure adequate stabilization. It should be
noted that the skin overlying the inferior orbital rim and the
zygomaticofrontal suture line is quite thin, and the use of low-
profile miniplates will aid in reducing palpable hardware by
the patient postoperatively.

Orbital Floor Fractures
The orbital floor acts as a cradle for the orbital contents and
as a result fractures place the adjacent fat, muscle, and globe
at risk. The orbit is an enclosed space and is shaped like a
pyramid lying on its side.'? There are two theories as to how
orbital floor fractures occur. The first is that hydraulic forces
transferred through the enclosed orbital contents exert
themselves on the weakest area of bone, often blowing out
the orbital floor, first described by Pfeiffer.'’ Although the
lamina papyracea is thinner than the floor, the adjacent
honeycombing of the ethmoid partitions helps to buttress
it against a sudden rise in intraorbital pressure better than
the unbuttressed orbital floor; therefore, there is a higher
incidence of floor fractures than medial orbital wall frac-
tures. The second theory, described by Le Fort, is that forces
exerted on the orbital rim lead to buckling of the orbital floor
causing a fracture to ensue at its weakest points.'2

Various forces can lead to different fracture patterns, each
with their own considerations. Some floor fractures can be
continuous with the orbital rim or ZMC fractures. A direct
blow can cause a fracture in the orbital rim and then
continued rotation of that bony segment around a pivot
point causes a secondary fracture at the pivot point (orbital
floor). In addition to the cosmetic issues discussed above
with rim and ZMC fractures, orbital volume restoration must
be considered as this fracture pattern always involves some
component of the orbital floor. The most common type of
fracture is the “blow out” fracture. In “blow out fractures”,
the rim remains intact with no resulting cosmetic change;
however, lack of support from the lax inferior segment
results in volume loss which can result in hypophthalmos
and diplopia. The fractured edges may also snag orbital
contents, such as the inferior rectus, resulting in ocular
entrapment. Another type of floor fracture is the trap door
fracture, which appears as a linear, minimally displaced
fracture, and occurs primarily in youthful patients. The
foremost consideration in these fractures is entrapment of
the inferior rectus muscle. The initial traumatic force causes
a linear fracture and displacement of the floor and orbital
content downward. After the traumatic force ceases the bony
floor segment recoils quicker than the displaced orbital
contents which traps them. These fractures are most com-
monly experienced when bone is highly elastic, which is why
they almost exclusively occur in children and young adults.'>
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Due to the minimal displacement of these fractures, orbital
volume loss is rarely of concern.'4"17

The force associated with orbital floor fractures is sig-
nificant and can lead to other ocular and orbital complica-
tions. The reported rate of ocular complications varies from
2.7 t0 90.6% in the literature depending on inclusion criteria
with severe ocular complications occurring in 10 to 13.7% of
orbital fractures.®2! Ophthalmologic evaluation of the
globe is paramount in the initial evaluation, as the trauma
and transmitted hydraulic forces through the globe can lead
to corneal abrasion, hyphema, traumatic iritis, lens subluxa-
tion, capsule rupture, vitreous hemorrhage, retinal detach-
ment, and globe rupture. When the globe appears proptotic
and tense, intraocular pressures should be obtained, and an
orbital hematoma should be suspected. Orbital hematomas
can lead to orbital compartment syndrome, and emergent
lateral canthotomy and cantholysis may be necessary to
prevent ischemic damage.?>?3

Operative management of orbital floor fractures depends
on several considerations. The most immediate concern is
whether or not there is entrapment of the medial or inferior
rectus muscle. Entrapment can lead to compromise of the
muscle’s vascular supply, resulting in necrosis, fibrosis, and
scarring. Entrapment can be difficult to assess when the
orbital soft tissues are acutely swollen and is best evaluated
with forced duction testing. In extreme cases patients with
entrapment can experience bradycardia, nausea, and syn-
cope when attempting extraocular movements (the oculo-
cardiac reflex), and immediate operative reduction with
release of the entrapped muscle is of immediate impor-
tance.'>~ 1724726 The most common indication for repair is
correction of enophthalmos, resulting from the loss of sup-
port of the orbital floor. A small amount of hypophthalmos
can be tolerated both cosmetically and functionally; how-
ever, the degree of floor loss that does require repair is often
debated. As a general rule >2 mm of hypophthalmos, or
>50% involvement of the orbital floor, will necessitate repair
to prevent diplopia and obvious ocular asymmetry. Some
data suggest comparable outcomes with late repairs; how-
ever, delayed repairs are technically more difficult.?’~2°

The approach to the orbital floor can be accomplished
through several different incisions, and unlike other parts of
the face, lacerations may not provide adequate access. The
most common and cosmetically acceptable is the transcon-
junctival approach. This not only avoids a skin incision but
can be extended laterally via lateral canthotomy, and medi-
ally via a transcaruncular incision when access to adjacent
structures is required. Subciliary incisions and mid-eyelid
incisions can also be performed, but isolated orbital floor
fractures can usually be completely exposed with the trans-
conjunctival approach alone. All incisions carry the risk of
entropion or ectropion based on their position with respect
to lid margin, but some studies show that the risk is mini-
mized with the transconjunctival approach.39-3°

During orbital floor repairs, careful attention must be
given to excellent visualization and the placement of the
implant (=Fig. 2). Failure to place the implant on the poster-
ior ledge (greater wing of the sphenoid) can result in
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Fig. 2 Reconstruction demonstrated with titanium mesh for an
isolated orbital floor fracture.

inadequate volume restoration from gross malposition of the
implant and periorbital soft tissues in the maxillary sinus.
Beyond confirming placement with palpation and visualiza-
tion, recent studies show that intraoperative CT scanning and
surgical navigation can be helpful tools for verifying ideal
implant placement.>®-3” Reduction of orbital contents super-
ior to the repair is of paramount importance, so that the
implant or graft does not entrap the infraorbital nerve or
rectus and oblique muscles. With complete reduction the
orbital volume can be restored, and long-term diplopia can
be avoided.®-27:3>

Medial Orbital Wall Fracture

Orbit wall fractures often occur in conjunction with orbital
floor fractures, though they can occur in isolation. The
incidence of isolated medial wall fractures varies widely in
the literature from 0 to 55%.3% These fractures can be
clinically occult, which likely explains the variability in
reporting. Indications for surgery are similar to floor frac-
tures and repair is indicated when there is entrapment
or > 2 mm of hypophthalmos present; however, predicting
who will develop late hypophthalmos or enophthalmos is
decidedly more difficult than with floor fractures.

Surgical repair is ideally accomplished through a trans-
caruncular incision given its favorable access and aesthetics,
though endoscopic techniques and a lynch incision approach
have been used as well. During the transcaruncular
approach, the inferior oblique muscle is at risk of injury in
the initial dissection, and its location between the orbital rim
and bony lacrimal canal must be avoided. The adjacent
neurovascular anatomy must also be considered during
dissection as the anterior ethmoid artery, posterior ethmoid
artery, and optic canal are at risk of injury and located
approximately 24, 36, and 42 mm posterior to the lacrimal
crest, respectively. Again, plate placement over the stable,
posterior ledge is important to restore orbital volume. For
large defects extending onto the floor, preformed, contoured
orbital plates can be useful in order to restore proper orbital
volume.38-40
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Orbital Roof Fracture

Orbital roof fractures are rare and estimated to make up only 1
to 9% of all orbit fractures. They are usually related to adjacent
trauma to the orbital rim but can occur from hydraulic forces
within the cranial vault resulting in a “blow-in" fracture.
“Blow-in”" fractures are associated with intracranial injury
such as countercoup injuries, frontal contusions, and frontal
hemorrhage and are most commonly caused by occipital
trauma.*’™ In the absence of diplopia, globe malposition,
cerebrospinal fluid (CSF) leak, or rectus impingement, surgical
intervention is not necessary. In the case of CSF oculorrhea or
rhinorrhea, diagnosis is best made with testing at least 0.5 mL
of fluid for beta-2 transferrin given its remarkable 97% speci-
ficity and 99% sensitivity, and the unreliability of the halo
test.** Conservative management is sometimes favored as the
orbital contents work to tamponade the leak. Observation with
or without lumbar drainage is recommended for the first
48 hours as it is believed to resolve up to 95% of cranio-orbital
fistulas, minimizing the need for craniotomy.*>~#” Care should
be taken to avoid nasal blowing, as air can present through the
defect through a ball valve mechanism and compress the
intracranial contents.

Implants

There are several materials that are suitable for orbital
implants ranging from autogenous grafting to alloplastic
implants. Some of the most commonly used implants include
bone, cartilage, Medpor (Stryker), titanium, poly(L-lactide)
(PLLA), and polydioxanone (PDS).*® Titanium has the advan-
tage of being thin, malleable, and widely available, while
providing excellent support. When repairing large defects
titanium and other alloplastic plates can be preformed to
match the contours of the medial orbital wall and orbital floor,
thus spanning the entire defect. Some titanium implants come
readily preformed, thus avoiding volume defects associated
with poor bending techniques. Titanium also displays excel-
lent osteointegration making it a very suitable metal for
repairing bony defects. The down side is it also produces an
intense fibrotic reaction that can cause adhesion to the adja-
cent rectus muscle and lead to late-onset diplopia, a phenom-
enon termed orbital adherence syndrome.*®->°

In an attempt to avoid this, some surgeons use Medpor,
Medpor with integrated titanium, nylon foil, PLLA plates,
PDS, and silicon. However, these still share the risk of
infection and extrusion shared by foreign materials. Others
have described using allogenic materials, but these can have
variable levels of absorption as well as the rare but serious
risks of infection and rejection. Various autologous grafts
have been used as well; however, they add to operative time,
can be associated with additional donor site morbidity, and
have unpredictable resorption.**~>°

Naso-Orbito-Ethmoid Fractures

The NOE complex is a complicated bony complex that
includes contributions from the maxillary, nasal, frontal,
ethmoid, sphenoid, and lacrimal bones. The boundaries of
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the NOE complex are as follows: superiorly the cribriform
plate, laterally the medial orbital wall, inferiorly the nasal
cavity, posteriorly the sphenoid sinuses.”® The NOE complex
receives sensory innervation via the ophthalmic and max-
illary nerves, branches of the trigeminal nerve. Blood supply
is via the internal and external carotid arteries.

Two critical anatomic structures must be reviewed when
discussing NOE fractures: the MCT and the central fragment.
The MCT attaches anteriorly to the frontal process of the
maxilla of the lacrimal groove, posteriorly it attaches to the
lacrimal bone. Laterally it attaches to the tarsus of the upper
and lower eyelids. The MCT is critical for maintaining the
shape and position of the palpebral fissures. The central
fragment is the location of the MCT tendon on the medial
vertical buttress securing the globe, eyelid, and orbicularis
muscle, and is used for classification of NOE fractures.>’ The
nasolacrimal duct (NLD) is the apparatus where tears drain
from the eye into the nasal cavity just below the inferior
turbinate. The NLD is at risk of injury in NOE fractures and
must be evaluated for patency.

Signs and symptoms of NOE fractures are wide ranging
given the extensive nature of the injuries. Patients may
complain of nasal congestion, anosmia, diplopia, tele-
canthus, epiphora, and CSF leak. Anosmia may result from
shearing of the olfactory nerve at the cribriform plate.
Telecanthus is defined as an intercanthal distance greater
than 35 mm and occurs with disruption of the MCT. This
disruption may change the shape and position of the palpeb-
ral fissures as well. Epiphora can occur when there is damage
to the NLD. In rare cases CSF leak may occur secondary to
damage of the cribriform plate and is heralded by CSF
rhinorrhea.”®

Given its central location, it is not surprising that multiple
approaches to the NOE complex have been described and
employed. The coronal approach is commonly used, and it
provides good access to the fracture site. In order to achieve
excellent exposure, the supraorbital nerves may need to be
released from their bony housing near the superior orbital
rims. In addition, other approaches such as gingivobuccal,
subciliary, transconjunctival, and lateral rim may be used or
added for exposure. It is important to utilize lacerations over
the area of the NOE fracture when they are available, as these
can greatly increase exposure with minimal retraction. Mid-
facial degloving also allows for fracture exposure; however, it
should be reserved for cases where other methods of exposure
have failed. The extensive dissection and elevation of impor-
tant midfacial structures and the skin-soft tissue envelope
should not be performed if it can be avoided.”®>%-°"

Fracture patterns can be described using the Markowitz
classification (=Table 1). This classification scheme defines
NOE fractures on the basis of the MCT attachment to the
central fragment.>’ Type 1 involves an intact MCT and central
fragment. Type 2 has mild comminution of central fragment
without MCT disruption (=Fig. 3). Type 3 includes severe
comminution of central fragment and gross disruption of
MCT.®? Historically, NOE fractures were treated with exter-
nal plates and splints which then progressed to open reduc-
tion and internal fixation with interosseous wiring in the
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Table 1 Markowitz and Mason classification system of NOE
fractures

Medial canthal tendon | Fractured segment
Type 1 | Attached Single large fragment
Type 2 | Attached Comminuted
Type 3 | Avulsed Comminuted

Abbreviation: NOE, naso-orbito-ethmoid.

L\l | ] \

Fig. 3 Type Il NOE fracture with comminuted segments involving the
medial canthal tendon. Open reduction, internal fixation demon-
strates reduction of the central fragment in its anatomic location to
reestablish the appropriate intercanthal distance. NOE, naso-orbito-
ethmoid.

1960s, with improved results. Currently, open reduction
internal fixation with titanium plates and screws is the
technique of choice for displaced NOE fractures.®? Successful
treatment of NOE fractures hinges on successful reconstruc-
tion of the MCT, restoration of central nasal and dorsal
support, and reduction of the medial orbital walls.

Current plating techniques aim at restoring the bony
contour by reducing the comminuted bony fragments by
stabilizing them to surrounding stable bone.®* Plating should
start wherever the best exposure and access is afforded. If
access is uniform then aesthetics should be prioritized,
starting with the frontal bone, then orbital rim, the nasal
dorsum, followed by the pyriform aperture. Type 2 and 3
fractures frequently cause disruption of the central nasal
support. Re-establishing support through reducing and fix-
ating the septum to the rhinion via sutures, splints, or K-wire
have all been described. If complete comminution of the
nasal bones and septum occurs, primary grafting and recon-
struction of nasal dorsum with a cantilevered bone graft or
rib graft is indicated, and is best done at the initial operation
prior to soft tissue contracture. Split calvarial grafts, rib
grafts, and costochondral grafts are all potential options
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for grafting material. The graft must be secured to surround-
ing structures (usually the stable frontal complex) to provide
a central area of support for NOE fracture repair.”®

Type 1 injuries without displacement of fracture seg-
ments may be treated conservatively with outpatient fol-
low-up and clinical monitoring. Conversely transnasal wire
canthopexy is usually required in type 2 and 3 NOE fractures
for optimal MCT reduction.®® Care must be taken to not only
restore the posterior and medial positioning of the medial
canthus, but also to not alter its vertical height. Slight over-
correction is needed with the end goal of restoring the
intracanthal distance to the premorbid state (33-34 mm in
white males, 32-33 mm in females). To accomplish this, a
plate is positioned so that the wire’s force vector is correctly
imparted on the medial canthus. Barbed canthal wires or
traditional titanium wires can be used; however, atraumatic
placement in the MCT is essential.®® A small vertical incision
made medial to the medial canthus can be used if needed for
access. After passing the wire through the MCT and plate, it
traverses the nasal cavity. This is done by drilling two to four
holes in the medial orbital wall and using 28-gauge wires
through the holes to secure the fragments.”® When the
medial orbital wall requires reconstruction the medial wall
plate can be utilized for securing the canthal wire. Other
options exist for MCT reconstruction such as Mitek minibone
anchors. This bone anchor has a prethreaded suture which
can be placed through the anterior and posterior portions of
the MCT and tied down anchoring the MCT to the bone. The
suture can also be placed through the overlying soft tissues
adding another level of closure.®” Splints and bolsters may be
employed to help in cases of severe comminution; however,
care must be taken as postoperative swelling can result in
skin necrosis when they are placed too tight, and a surgeon
should never bypass transnasal MCT wiring in favor of splints
and bolsters alone.

Nasolacrimal duct stenting has been a subject of much
controversy in NOE fracture management. Studies have
documented epiphora rates after NOE repair between 5
and 20% with early reduction and fixation of fractures as
the best prevention against this complication. Conservative
management is acceptable, with delayed dacryocystorhi-
nostomy (DCR) and NLD stenting for several months; this
method is successful in more than 90% of cases.%%-%°

Conclusion

Orbital trauma encompasses a wide variety of mechanisms
of injury and resulting fracture patterns. A variety of
surgical approaches to the orbit exist as has been discussed
allowing the surgeon access to all area of interest. Regard-
less of the fracture complexity, the principles of atraumatic
technique, anatomic reduction, and stable fixation apply in
all cases.
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